2) and partially resolved into each enantiomer.
Cycloenantiomerism was first introduced by Prelog and
Gerlach more than 25 years ago to describe the ring direction and the distribution pattern of (R)-and (S)-amino acids in cyclic peptides. 1) A cycloenantiomeric [2] catenane was synthesized by Sauvage et al. 2) and partially resolved into each enantiomer.
3) Enantiomeric resolution of a cycloenantiomeric [3] rotaxane was reported recently. 4, 5) Optical resolution of several cycloenantiomeric calix [4] arenes has been reported. 6) However, none of cycloenentiomers of hexahomooxacalix- [3] arenes have been reported. We report here the first synthesis of cycloenantiomeric hexahomooxacalix [3] arenes, their crystal structures and optical resolution of a cycloenantiomer.
The hexahomooxacalix [3] arenes are the compounds structurally and functionally related to calix [4] arene and 18-crown-6 ether. Unique structural features are the cavity composed of an 18-membered ring, C 3 -symmetry, and a limited number of possible conformations (i.e. cone and partial cone). 7) Several host molecules based on this skeleton have been reported to develop new functions. 8) Introducing chirality to hexahomooxacalix [3] arenes should increase the utility of this molecule for molecular recognition. This has been achieved by the modification of lower rim phenolic oxygens. They include an attachment of an optically active amino acid derivative 9) and alkylation of two lower rim oxygens to fix the conformation in partial cone. 10) Another way to make hexahomooxacalix [3] arenes chiral is to fix the conformation to the cone and then to introduce different substituents on the three upper rims. The latter approach has never been attempted mainly due to the difficulty in introducing the different substituent on each phenyl ring. We recently published a stepwise construction of hexahomooxacalix [3] arenes with different substituents on the upper rims based on cyclization of the corresponding linear trimers and revealed that hexahomooxacalix [3] arenes adopt the cone conformation in the crystalline state by a network of bifurcated intramolecular hydrogen bonds. 11) Although this route requires many reaction steps to reach the desired molecule, it is suitable to synthesize hexahomooxacalix [3] arenes with different substituents on each upper rim. As shown in Fig. 1 , one cycloenantiomer has a clockwise direction in connection with the upper rim substituents, while another has the opposite arrangement.
We prepared the cone hexahomooxacalix [3] arene tri(diethylacetamide) 5 and 6 from the corresponding triphenol 3 11) and 4 12) according to the procedure reported by Shinkai et al. 13) The crystal structure of 5 is shown in Fig. 2a. 14a) The isopropyl group of 5 was found to be disordered. The structure 5 is obviously cone conformation, although the cavity is greatly distorted from an ordinary cone conformation. As April 2001 Communications shown in Figs. 2b and c, three phenyl rings of 5 constitute a cylinder-like cavity, while those of the parent compound 3 compose an ideal cone conformation. Slanting the phenyl ring possessing tert-butyl group into the macrocyclic cavity causes this distorted cone conformation. The closest distance from the methyl carbon of the tert-butyl group to the neighboring phenyl ring is 3.85 (2) Å, which is comparable to van der Waals contact of a methyl group (ca. 2.0 Å) and an sp 2 carbon (ca. 1.7-1.8 Å) . Thus, CH-p interaction plays predominant role to fix the distorted cone conformation in the solid state.
15) The structure of 6 in crystalline state is similar to that of 5 (Fig. 3) .
14b) The cavity of 6 is again distorted from a cone conformation due to self-inclusion of tert-butyl group. A similar geometry was reported for hexahomooxacalix [3] arene derivative 2 by Cragg et al. recently. 16) Those findings clearly indicate the importance of CH-p interaction between the para-substituent of an upper rim and a phenyl ring to determine the conformation in crystalline state.
The enantiomers of hexahomooxacalix [3] Significant shift of methylene protons of the ethyl group at para-position was observed in the 1 H-NMR spectrum of 1 : 1 solution of (ϩ)-6 and hydrochloride of L-phenylalanine ethyl ester (black line in Fig. 6 ). The similar spectrum was obtained with (Ϫ)-6 (red line in Fig. 6 ). Slight but clear difference was observed between two spectra, which offers the possibility that optically active 6 discriminates enantiomers of amino acid derivatives. Evaluation of the ability of optically active 6 for chiral recognition is under way. 
